Abstract-DS-CDMA in the modern civil and military communications is widely used. Due to its low power spectral density, the DS-CDMA signal always floods in the background noise, bringing difficulties to the signal's reconnaissance. Therefore, DS-CDMA signal detection has attracted attention of researchers. In this paper, the fourthorder moment chip ( Experimental results show that the detection performance of the methods is better than that of the double frequency method, spectrum-reprocessing method and cepstrum method. When the false alarm probability is 1%, the detection probability of presented methods reaches above 90% at SNR -22dB.
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I. INTRODUCTION
Direct Sequence-Code Division Multiple Access (DS-CDMA) has broad application in the GPS system, loworbit satellite communication systems, wireless sensor networks and 3G networks. The blind detection of DS-CDMA signals has a major significance on information monitoring and military communication confrontation. Due to its low power spectral density, the direct spread spectrum sequence (DSSS) signal always floods in the background noise, bringing difficulties to the conventional method [1] . There have been blind detection methods of DSSS, such as double frequency method [2] , correlation detection method [3] , rate-line detection method [4] , cycle-stationary method [5] , [6] , spectrum-reprocessing method [7] , cepstrum method [8] and so on. These detection methods are used mainly to detect the DSSS signal, but they almost are not used to blindly detect DS-CDMA signal. CDMA system in civil and military communications has been rapidly popularized. In practice, especially in the DS-CDMA communication system of non-cooperation, it is necessary to blindly determine the existence of DS-CDMA signal to provide further information to multi-user detection and matched filter.
Higher-order statistics [9] , as a mathematical analysis tool towards the non-causal system, the non-minimum phase system, and non-Gaussian signals, was first proposed in a book called Higher-Order Spectral Analysis: A Nonlinear Signal Processing Framework, which is published in 1993. Higher-order statistics can not only auto-suppress the effects of Gaussian colored noise, and sometimes also can suppress the effects of non-Gaussian colored noise. Basing on the research results [10] , this paper proposes two detection methods (Time-domain method and Frequency-domain method) of DS-CDMA signals based on the quadratic fourth-order moment chip by analyzing the theory of the higher-order statistics of DS-CDMA signals. Experimental results show that the proposed methods are suitable for detecting DS-CDMA signals. They can not only reduce the calculation amount of higher-order statistics, but can also be able to detect the DS-CDMA signals at lower SNR. When the false alarm probability is 1%, the detection probability of presented methods reaches above 90% at SNR -22dB.
II. THEORETICAL ANALYSIS

A. Higher-order statistics of DS-CDMA signal
DS-CDMA signal can be expressed as: 
The fourth-order statistics of DS-CDMA signal is derived as follows: function and the fourth-order moment of ck(t). According to Eq.(2), the fourth-order statistical characteristic is irrelevant to random delay. Therefore, Eq.(2) is applicable to synchronous and asynchronous DS-CDMA signal.
B. Higher-order statistics of received signal characteristics
The two hypotheses is:
white noise with zero mean, and they are independent.
Under the hypothesis of 0 H , the fourth-order moment of x(t) is:
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Under the hypothesis of 1 H , the fourth-order moment of x(t) is:
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So under the hypothesis of 0 H , the fourth-order moment of x(t) is: 
Under the hypothesis of 1 H , the fourth-order moment chip of x(t) can be derived as follows:
According to Eq. (5) and Eq. (6), we can obtain that the fourth-order moment chips have good ability of suppressing Gaussian white noise. After studying highorder statistics characteristics of the received signals, we find that the ability of suppressing Gaussian white noise of ( ) 
In the actual calculations, we approximate estimation of ( ) However, in practice, since the estimation error of higherorder statistics will be increased with the number of the order increasing, higher-order statistics can not suppress Gaussian white noise well. In order to solve the problem, a new detection method of DS-CDMA signal based on the quadratic fourth-order moment chip in the timedomain (QFMCT) is proposed, which is described as follows:
(1) The fourth-order moment chip of DS-CDMA signal is estimated as The detector structure of this method is shown in Figure 2 . Figure 4 , and the curve about F P and D P is shown in Figure 5 . From the Figure 4 and the Figure 5, For different values of time delay τ , the probability of detection D P of the Time-domain method is shown in Figure 6 . From the Figure 6 , if the value of τ changes, the D P changes, too. Because the fourth-order of DS-CDMA contains the carrier frequency component, the value of it becomes cyclical change. As a result, when the delay τ is gradually increasing, the D P becomes cyclical change. And the Figure 6 shows that the detection performance is the best, when the τ is integer multiple of one-half of the carrier frequency period. If the probability of false alarm is 1%, the time delay τ is 10, user number is 7, 13, 21, respectively, the detection performance of proposed QFMCT is shown in Figure 7 . We can see that with the increase of the number of users K, the probability of detection increases. According to Eq.（6）, if the number of users increases, the value of the fourth-order moment chip will increase. Thus, the simulation results are consistent with the theory analysis. When the number of users is 15, and the detection performances of the double frequency method (DFM), the spectrum-reprocessing method (SRM), cepstrum method (CM) and proposed method QFMCT are shown in Figure 8 . From the Figure 8 , it can be seen that the detection probabilities of QFMCT reach above 90% at SNR -24dB. The detection performance of QFMCT is much better than that of other methods. The SNR improvement of QFMCT method is above 7dB when the detection probability is above 60%. 
B. Detecting rules of Frequency-domain method
B. Frequency-domain method
The simulation parameters are same to the Timedomain method's simulation parameters.
Experiment 1: The spectrum of the quadratic fourthorder moment chip of mixed-noise signals When the SNR is -25dB, the spectrum of
τ is shown in Figure 9 . As the noise increases, the spectrum peak of signals is not obvious. In theory, the fourth-order moment chip of mixed-noise signal can effectively suppress Gaussian white noise, but since the estimation error and the noise is not strictly Gaussian white noise in the simulation, noise can not be completely suppressed. When the SNR is -25dB, the spectrum of ( ) τ is shown in Figure 10 . In this figure, noise has been suppressed and the spectrum peak of the DS-CDMA signals is obvious. So the proposed method QFMCF not only can effectively reduce both Gaussian white noise and estimation error, but also can improve the detection performance. If the probability of false alarm is 1%, user number is 7, 13, 21, respectively, the detection performance of proposed QFMCF is shown in Figure 11 . We can see that with the increase of the number of users K, the probability of detection increases. According to Eq.（6）, if the number of users increases, the value of the fourthorder moment chip will increase. Thus, the simulation results are consistent with the theory analysis. When the number of users is 15, and the detection performances of the double frequency method (DFM), the spectrum-reprocessing method (SRM), cepstrum method (CM), the proposed method QFMCT and QFMCF are shown in Figure 12 . From the Figure 12 , it can be seen that the detection probabilities of QFMCF reach above 90% at SNR -22dB. The detection performance of QFMCF is much better than that of other methods. The SNR improvement of QFMCT and QFMCF method is above 6dB when the detection probability is above 60%. V. CONCLUSION After analyzing the higher-order statistics characteristics of DS-CDMA signals and mixed-noise signals, we can find that some fourth-order moments of mixed-noise signals is not equal to zero, and they have good ability of suppressing Gaussian white noise. So this paper proposes two detection methods (Time-domain method and Frequency-domain method) of DS-CDMA signals based on the quadratic fourth-order moment chip. The simulation results show that the detection probabilities of the method QFMCT reach above 90% at SNR -24dB, when the time delay τ is integer multiple of one-half of the carrier frequency period. However, when the value of time delay τ is any other value, the detection performance of the time-domain method will decline. So in blind detection method, the detection performance of QFMCT is not as good as the theory analysis. In order to resolve this problem, the method QFMCF is proposed. This method dose not need any prior knowledge, and the detection probabilities of the method QFMCF reach above 90% at SNR -22dB, which is better than any other methods.
